of Old World serotine bats (genus Eptesicus, Vespertilionidae, Chiroptera): an integrative approach. -Zoologica Scripta, 00, 000-000. Integrative taxonomy aims to document biodiversity by incorporating all useful characters to increase confidence in hypotheses about phylogenetic relationships. In this study, we combine data obtained independently from morphology, two maternally inherited mtDNA genes and two biparentally inherited nuDNA genes to make phylogenetic and taxonomic hypotheses about the Palaearctic members of the bat genus Eptesicus (Vespertilionidae). This genus is distributed worldwide (except for Antarctica) and is highly diversified, presenting one of the most entangled taxonomic puzzles among all mammals. Our results support restoring the genus Rhyneptesicus and separating E. isabellinus and E. pachyomus from E. serotinus and E. ognevi and E. anatolicus from E. bottae. Differences in the phylogenetic hypotheses from mtDNA and nuDNA data suggest the occurrence within E. serotinus of evolutionary processes such as mtDNA capture and secondary contacts between partially differentiated ecomorphs. These two evolutionary processes deserve more in-depth studies within the group.
Introduction DNA-based approaches provide an extraordinary powerful tool for studying evolutionary relationships among organisms. They are particularly helpful in disentangling relationships and clarifying taxonomy within groups, such as bats in which morphology has been tightly constrained by functional or ecological pressures and therefore may be of limited value in species recognition. In fact, molecular techniques have helped clarify misleading morphological arrangements resulting from convergent evolution (Ruedi & Mayer 2001) or from morphological conservatism and its related cryptic diversity. Cryptic diversity has been overlooked by traditional taxonomy (Bickford et al. 2007 ) and appears to be particularly important in many groups of bats such as vespertilionids (e.g. Mayer & von Helversen 2001; Ibáñez et al. 2006; Mayer et al. 2007; Moratelli et al. 2011) .
Unfortunately for taxonomists, genes often differ in their evolutionary pathways and as a result they often disagree in their species definition hypotheses (e.g. Edwards 2008; Degnan & Rosenberg 2009 ). This disagreement among data sets brings about a big potential for confusion in their derived taxonomic inferences. Among other proposed solutions, the integrative approach aims to incorporate all the data types available in an increasing confidence-building process to document biodiversity. The rationale is that congruence among data sets is strong evidence that the underlying historical pattern is being de. recovered, and that the taxonomic conclusions derived from them are robust and stable.
The bat genus Eptesicus Rafinesque, 1820 (Vespertilionidae) poses one of the most entangled taxonomic puzzles among mammals. It consists in an evolutionary successful group of open-flyers bats that lived in a wide variety of environments (from forests to xeric shrubs) and that was once considered distributed in temperate and tropical areas across all continents except Antarctica (Hill & Smith 1984) . Eptesicus was later restricted geographically to the Palaearctic, Africa and the Americas, based on skull and baculum structure and on banded karyotyping (Hill & Harrison 1987; Volleth & Tideman 1989; Volleth & Tidemann 1991; Volleth et al. 2001; Kearney et al. 2002) . Recently, molecular studies of the phylogenetic relationships within the family Vespertilionidae have shown that the American Eptesicus are paraphyletic with regard to the Palaearctic forms, and the definition of the genus Eptesicus was extended to include also the American genus Histiotus (Hoofer & Van Den Bussche 2003; Hoofer et al. 2006; Rohers et al. 2010) . Even before this change, the number of recognized species within the genus varied significantly according to the authors and all arranged by Simmons (2005) in three main groups (nasutus, nilssonii and serotinus). The highest diversity within the Palaearctic serotinus is found in the Middle East, where different forms distinguished by coloration, dental and skull features and habitat preferences have been known for over a century. However, their taxonomic relationships have long been disputed. They have been included in or split from the two main species E. serotinus and E. bottae. Moreover, recent molecular approaches have suggested, based only on mitochondrial DNA, species rank for the taxa E. isabellinus and E. anatolicus (Ibáñez et al. 2006; Mayer et al. 2007; Artyushin et al. 2009 ); this arrangement is also supported by morphological differences (Benda et al. 2004 (Benda et al. , 2006 .
From the analyses of mitochondrial (mtDNA) and nuclear DNA (nuDNA)markers, and using an extensive sampling throughout its vast putative distribution area (from the Atlantic to the Pacific Ocean), we have studied the taxonomy and evolutionary relationships of E. serotinus together with its close E. bottae and examined the validity of most of the taxa described within the subgenus Eptesicus as defined by Hill & Harrison (1987) and recognized by Simmons (2005) , paying special attention to the forms described from and around the Mediterranean Basin. Benda et al. (2006 Benda et al. ( , 2007 Benda et al. ( , 2011 used morphological characters to revise the taxonomy of most of the specimens examined in this molecular study. This information permits us to evaluate the taxonomic position of all these taxa using an integrative approach, comparing the conclusions obtained independently from morphology, two maternally inherited mtDNA genes and two biparentally inherited nuDNA genes and accepting with confidence only those taxonomic conclusions in which a higher corroboration is obtained by the different approaches .
Material and methods

Sampling
A total of 128 bats from 26 countries in Europe, Africa, America and Asia were included in the study (Appendix 1). The in-group comprises 102 individuals belonging to the genus Eptesicus. The morphological assignment of the vouchers in the studies by Benda et al. (2006 Benda et al. ( , 2007 Benda et al. ( , 2011 ) is used as a starting taxonomic consideration in this study. Sampling includes the extremes of the distribution area of E. serotinus, (from England to Laos) as well as several European populations of the species. We include also samples of putative Palaearctic sister species to E. serotinus ( Fig. 1 ) and E. bottae (Fig. 2 ) from the Middle East to China and Laos, plus E. furinalis, E. diminutus and E. fuscus from America and E. hottentotus from South Africa, all included within the 'serotinus' group (as defined by Hill & Harrison 1987) . Additionally, we included samples from the related species E. nasutus and E. nilssonii. To study the evolutionary relationships of the genus Eptesicus within the family, we included in the analyses of 26 specimens belonging to 14 species representing most of the groups defined within the subfamily Vespertilioninae. A detailed list of the specimens analysed is provided in Appendix 1.
Sequencing
Genomic DNA was extracted from tissue samples preserved in alcohol by proteinase K digestion and standard phenol-chloroform protocol (Higuchi et al. 1988; Maniatis et al. 1989) . After trying different primer combinations, fragments of the two mtDNA genes, Cytochrome b (Cytb) and NADH dehydrogenase (ND1), were amplified from all samples with the primer pairs MOLCIT-F (Ibáñez et al. 2006) and MVZ-16 (Smith & Patton 1993) , and ND1-F2 and ND1-R (Kawai et al. 2002) , respectively. The amplifications for both fragments were carried out in a volume of 20 lL containing 0.1% BSA, 2.5 mM MgCl 2 , 0.5 lL of each primers, 0.2 mM of each dNTP, 0.5 units of taq-polymerase with appropriate buffer and H 2 O. Cytb thermocycling consisted of a four-minute initial denaturation at 94 °C followed by 35 cycles of 60 s at 94 °C, 30 s at 45-50 °C, 90 s at 72 °C and then a final extension of 10 min at 72 °C. For the ND1 fragment, thermocycling was the same except that the annealing temperature was 60 °C. A fragment of the nuDNA gene recombination-activating gene (RAG2) was amplified using the primers RAG2-F1, RAG2-R2, RAG2-R1 and RAG2-F1int (Baker et al. 2000 Fig. 1 Approximate distribution map of the taxa included within Eptesicus serotinus according to Simmons (2005) and morphologically identified by Benda et al. (2006 Benda et al. ( , 2007 Benda et al. ( , 2011 and used in this study plus the recently studied by Artyushin et al. (2009) . Open circles indicate the type localities for each taxon and full-coloured circles indicate sampling localities for this paper. Two-coloured cycles indicate individuals with morphological and mitochondrial taxonomic disagreement.
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Omanensis primer (10 lM), 0.12 lL (1 U) Taq DNA polymerase and ddH 2 O. Thermocycling consisted of 10-min initial denaturation at 95 °C followed by 30 cycles of 15 s at 95 °C, 30 s at 55 °C, 60 s at 72 °C and then a final extension of 5 min at 72 °C. All PCR products were purified and most of them sequenced in both directions using an ABI 3100 automated sequencer (PE Biosystems, Warrington, UK), following the manufacturer's protocols. Sequences from a few samples were obtained after repeating the sequencing with only the forward primer and several times until the ambiguities could be solved. The molecular sequences generated by this study have been deposited in GenBank under the accession numbers listed in Appendix 1.
(not sampled) Fig. 2 Approximate distribution map of the taxa included within Eptesicus bottae according to Simmons (2005) and morphologically identified by Benda et al. (2006 Benda et al. ( , 2007 Benda et al. ( , 2011 and used in this study. Open circles indicate the type localities for each taxon and full-coloured circles indicate sampling localities for this paper.
as internal primers. In this case, the PCRs were conducted with 0.75 lL of each primer and 2 mM of MgCl 2 . Thermocycler steps for this nuclear gene were as follows: a 2-min initial denaturation at 94 °C followed by 35 cycles of 60 s at 94 °C, 30 s at 45 °C, 90 s at 72 °C and then a final extension of four minutes at 72 °C. As a second nuD-NA marker, we sequenced the intron 4 of the X-linked gene BGN using the primers BGN-F and BGN-R (Lyons et al. 1997) . Genes linked to sex chromosomes are known to evolve faster than autosomes due to their smaller effective population size. PCRs were carried out for this gene in 20-lL simplex reactions consisting of 2 lL DNA (10 ng/ lL), 2.0 lL 10X PCR buffer without MgCl 2 , 0.8 lL MgCl 2 (1.5 mM), 0.16 lL dNTPs (25 mM), 1 lL of each Sequence analyses The evolutionary relationships within the genus Eptesicus were reconstructed independently from the mtDNA and the nuDNA data set. The Cytb and ND1 fragments and the RAG2 and the BGN genes were concatenated into single sequences respectively following Wiens (1998) , and because no highly supported incongruence was found comparing reconstructions from each single marker (Figs S1 and S2). In fact, both mtDNA markers produced the same clusters with almost identical internal relationships, whereas the differences in the two nuDNA markers were clearly associated with differences in resolution between the genes, being RAG2 more conserved and leaving unsolved many terminal groupings (Figs S1 and S2). All reconstructions were rooted with the species Myotis myotis and/or M. schaubi from the closer and recently recognized by subfamily Myotinae (Hoofer & Van Den Bussche 2003) .
For both mtDNA and nuDNA data set phylogenetic, hypotheses were obtained using three optimality criteria: maximum parsimony (MP), maximum-likelihood (ML) and Bayesian posterior probabilities (BPP). MP phylogenetic analyses were conducted using PAUP* 4.0b10 (Swofford 2001) , ML analyses were implemented in PhyML (Guindon & Gascuel 2003) and BPP were performed in MrBA-YES v. 3.1.2. (Huelsenbeck & Ronquist 2001) . Under MP, trees were obtained after heuristic search with an initial tree obtained by stepwise addition (random input order) of the taxa, followed by a complete tree-bisection-reconnection (TBR) branch swapping. This process was repeated 25 times. Topologies were obtained both by unweighting changes and differentially weighting transversions according to likelihood estimates of ts/tv ratios for each data set to take into account the heterogeneity of the sequences. The robustness for each topology was then assessed through bootstrapping (Felsenstein 1985) after 2000 iterations. In both (mtDNA and nuDNA) data set, complex models were selected using the Akaike information criterium implemented in JMODELTEST 0.1 (Posada 2008) . Accordingly, for the following analyses (MLs and BPPs), substitution models were used with all parameters allowed to vary and empirically estimated. Under ML, trees were obtained using PhyML fast algorithm (Guindon & Gascuel 2003) implemented on line (http://www.atgc-montpellier. fr/phyml) to perform Nearest Neighbour Interchanges (NNIs) and using a BIONJ distance-based tree as starting trees. Bootstrap values were obtained after 1000 replicates. The BPPs were obtained with random starting trees without constraints and the data set partitioned: (i) by character position (six partitions) allowing specific rates to vary across sites and (ii) by gene (two partitions), being in this case, model parameters estimated independently for each fragment. For both designs, the Bayesian topologies that were obtained after five simultaneous Markov chains were run for 3 million generations; trees were sampled every 300 generations. The resulting burn-in values were determined empirically after likelihood scores reached stationary values. Analyses were repeated in two separate runs to ensure that trees converged on the same topology and similar parameters. The best-fitting partitioning model was chosen estimating the Bayes factor (BF) between the two alternatives and for each data set. We calculated the BFs using the differences between the harmonic mean (HM) of the likelihood scores from each posterior distribution as an approximation to the differences between marginal likelihoods. According to Pagel & Meade (2006) , a BF value >10 was considered as strong support of the alternative model.
The genetic differentiations within and between groups were estimated according to a Kimura 2-parameter (K2P) model and for the Cytb fragment using MEGA v. 5 (Tamura et al. 2011) to produce a measure of a 'standardized genetic distance' between taxa.
Results
For each fragment, alignments were obtained with SEQUEN-CHER v. 4.1 (GeneCodes, Corp., Ann Arbor, MI, USA) and inspected visually for ambiguities. Due to differences in the quality of the DNA related to the variety of conservation conditions and origins, amplification success varied greatly among samples. Therefore, mtDNA sequences were trimmed for each marker to a fragment in which peaks could unequivocally be assigned for all individuals. Neither incongruent sequences or stop-codon/indels (indicating possible nuclear copies) nor double peaks (evidencing heteroplasmy) were found in the selected fragment for any sequence. In non-coding sequences, indels were corrected manually to minimize alignment gaps. A unique 234-bp insertion present only in the BGN fragment of E. anatolicus was excluded from the alignment to avoid possible homology uncertainty (Dool et al. in press) .
In the final mtDNA alignment, and to avoid losing significant lineages, the sequences of the Cytb and ND1 genes were trimmed to a length of 755 bp and 665 bp respectively for a total of 120 sequences (see Appendix 1). The combined alignment consisted of 1420 positions of which 742 characters were constant, 65 parsimony uninformative and 613 parsimony informative. The equally weighting MP heuristic search retained seven equally mostparsimonious trees of 3402 steps (first tree: CI = 0.31; HI = 0.69; RI = 0.83). Down-weighting transitions (1:9), the search produced 12 best trees of 2900 steps (first tree CI = 0.57; HI = 0.42; RI = 0.91). Both MP designs recovered a similar consensus topology with also similar bootstrap values, although slightly higher when weighting transversions. Consequently, the results of down-weighting transitions are the only presented (Fig. 3 ). ML topology (not shown) was very similar to the BPP approach and produced the lowest node supports (as expected). With respect to the BPP approach, both partition designs reached stationarity after 400 000 generations. Consensus trees showed almost identical topology, but according to the BF ratio, partition by character (HM = -15821.65) was selected against partition by gen (HM = -15887.71). The mtDNA topologies inferred by the MP, ML and BPP criteria were basically identical. The only main disagreement was regarding the relative positions of E. isabellinus and the American group, which switched positions according to the analysis at the base of a single large Eptesicus group (Fig. 3) .
In the final nuDNA alignment, the complete RAG2 gene (1054 bp) and the BGN intron (550 bp) were assembled for a total of 80 individuals (see Appendix 1). Heterozygote positions were treated as ambiguities and gaps as a fifth state; stop-codons were not found in any sequence. The concatenated alignment consisted of 1604 positions, of which 1050 characters were constant and 366 were variable and parsimony informative. The equally weighting MP heuristic search retained 1257 equally most-parsimonious trees of 965 steps (first tree: CI = 0.72; HI = 0.28; RI = 0.64). Down-weighting transitions (1:2), the search produced 145 best trees of 737 steps (first tree CI = 0.85; HI = 0.14; RI = 0.94). Again, when down-weighting transitions, MP hypotheses were more robust and these results are the only ones presented (Fig. 4 ). ML and BPP criteria produced similar topologies with lower nodes' support in the ML, particularly at the internal structure. Regarding the BPP approach, both designs reached stationarity after 300 000 generations. Consensus trees showed almost identical topology, and again according to the BF ratio, partition by character (HM = -7133.80) was selected against partition by gen (HM = -7364.92). All nuDNA topologies showed a deep split of a large 'serotinus group' differentiated from a 'bottae group' (Fig. 4) . In fact, the topologies originated from both mtDNA and nuDNA data set disagree notably also at the tip groups and their internal relationships. For instance, the definition and relationships of the 'turcomanus' samples group, the resolution was higher at the basal portion of the trees in the nuDNA-based reconstructions, particularly under the MP criterion. Fig. 4 Phylogenetic relationships of the studied Old World taxa of the genus Eptesicus based on concatenated fragments of the nuclear RAG2 and BGN genes. The species taxonomic arrangement proposed within the genus is indicated at the right side. The reconstruction presented is a Bayesian consensus tree allowing specific model rates to vary across characters. Above-selected nodes and from left to right: BPP partitioning the data set by character, bootstrap values from the Maximum Parsimony (MP) analysis weighting 3:1 transversions over transitions, and bootstrap values from a Maximum-Likelihood (ML) analysis after 1000 iteractions. Remarkably, all mtDNA-and nuDNA-based phylogenies showed that Eptesicus is not monophyletic. All 'nasutus' samples branched off distantly from the rest of Eptesicus which otherwise made a monophyletic clade. The relationships of 'nasutus' remained unresolved in all reconstructions although both mtDNA-based and nuDNA topologies supported a sister relation with a cluster including Hypsugo, Neoromicia, Vespertilio and Pipistrellus basally to the clade of Vespertilionini (Figs 3 and 4) .
The mtDNA-based topologies (Fig. 3 ) indicated a deep grouping structure within the Eptesicus clade that is in general agreement with the recent picture based on morphology (Benda et al. 2006 ) and supported by most of the geographically based intraspecific subdivisions. Nevertheless, several of these groups were not sustained by the nuDNA dataset. For instance, whereas the morphologically defined turcomanus and mirza groups were clearly supported by the mtDNA data set (Fig. 3) , nuDNA did not support this arrangement and allocated all turcomanus and mirza specimens sparse and mixed within a group morphologically identified as serotinus or located even farther along the trees (Fig. 4) . The turcomanus + mirza clade joined in all the mtDNA topologies a cluster that morphologically corresponds to 'bottae' and which showed a clear geographical structure distinguishing four groups corresponding to the samples from Syria, Jordan, Oman and Iran, respectively. The 'bottae group' and its subdivisions were clearly supported also by the nuDNA-based topologies and related to a group including all the specimens identified morphologically as ognevi. The mtDNA analysis placed the 'ognevi' specimens as a sister group to bottae and 'turcomanus + mirza'. In fact, the nuDNA hypotheses joined 'ognevi' and 'bottae' in the well-supported 'bottae group' which also included the group 'anatolicus'. The latter is another monophyletic group well supported by both mtDNA and nuDNA data sets from Turkey, Syria and Iran.
All Western European 'serotinus' bats clustered with some Eastern samples in a monophyletic group in the mtDNA-based topologies. These were closely attached to the much smaller E. nilssonii, but apart from other 'serotinus' from Georgia, Iran and Ukraine. Instead, the nuDNAbased topologies grouped all western and eastern 'serotinus' in a well-supported monophyletic group which included also the specimens morphologically identified as 'turcomanus' and/or 'mirza'. The nuDNA-based topologies placed E. nilssonii in a position distant from this cluster. Other groups identified in the mtDNA-based reconstructions included: (i) a clade constructed from serotine samples from China and Laos and including, interestingly enough, a sample corresponding morphologically to the taxon 'pachyomus' from Iran, (ii) an Afrotropic 'hottentotus' group from South Africa and (iii) an 'isabellinus' cluster which showed a further differentiation of the specimens from Libya. The nuDNA also supported these last groupings but with a better defined topological structure. In fact, the Far East clade (now including 'pachyomus' and specimens from Iran) and 'isabellinus' appeared as part of the 'serotinus group' which is linked to an American cluster. Interestingly, the other African species appeared, instead, as part of the other supra-specific 'bottae group'.
Discussion
The joint analyses of morphology, mtDNA-and nuDNAbased phylogenetic reconstructions suggest a number of important changes in the traditional view of the genus Eptesicus (Table 1 ) and its phylogenetic relationships:
The taxonomic status of Eptesicus nasutus Our analyses confirm the close relationships between the tribes Vespertilionini and Pipistrellini as defined by Hoofer & Van Den Bussche (2003) within the subfamily Vespertilioninae. These results also indicate a close phylogenetic relationship between the nasutus samples and these tribes, and a distant relationship from the other Eptesicus, which, according to Hoofer & Van Den Bussche (2003) , belong to the tribe Nycticeini. In fact, nasutus appears in the topologies associated with other genera that were once related to Eptesicus, but that are currently separated (e.g. the Australian Vespadelus or the Afrotropic Neoromicia). These topologies indicate that the 'nasutus' group cannot be included in Eptesicus, but belongs instead to a different genus whose close evolutionary relationships are still unclear (Figs 3 and 4 ). An available name for this taxon is Rhyneptesicus, a name that Bianchi (1917) proposed to distinguish nasutus on the basis of a lack of an epiblema as a diagnostic character. Although all nasutus used for this study have epiblema, (thereby indicating that this diagnostic character is not valid), the formal description and name are still applicable. In fact, Rhyneptesicus was recovered as a genus by Horáček & Hanák (1986) and as a subgenus by Horáček et al. (2000) . The valid morphological characters which differentiate this genus are the relatively narrow pointed ears, long tragus and relative short fur. There are also dental characters that support this distinction such as the unicuspidal first upper incisor and the complete molar including protocrista. Rhyneptesicus has the typical baculum morphology of the Eptesicus (Hill & Harrison 1987) , but the structure of its karyotype is still unknown. Both mtDNA and nuDNA markers indicate a strong and geographically sound genetic structure within its discontinuous distribution. Taxonomically, the reconstructions validate subspecific recognition for the nominal nasutus from the samples of Iran, close to the terra typica in Pakistan plus the forms matschiei (for Yemeni specimens) and batinensis from Oman. This arrangement is also supported by values of K2P-corrected distances of 3.36 and 6.55 % between them (Table S1 ).
The genus Eptesicus and the American clade
Apart from the nasutus samples, all Eptesicus from the different continents cluster in the analyses in a well-supported basal group (Figs 3 and 4) sustaining the monophyly of the clade and its taxonomic validity. The genus Eptesicus Rafinesque, 1820 is well defined on the basis of a series of morphological characters such as absence of the pm 2 , myotodont lower molars, well-defined basisphaenoidal pits, a triangular-shaped baculum and a 2n = 50 / NF = 48 karyotypic formula (Heller & Volleth 1984; Horáček & Hanák 1986; Hill & Harrison 1987; Morales et al. 1991) . Recent molecular studies have placed the genus Eptesicus in the tribe Nycticeini and separated it from the pipistrelles (Hoofer & Van Den Bussche 2003; Hoofer et al. 2006 ). In their comprehensive study of the family Vespertilionidae, these authors also found that the American Eptesicus and the genus Histiotus form a unique American clade, which makes the American Eptesicus paraphyletic with respect to the Old World members of the genus. To resolve this situation they suggest relegating Histiotus to subgeneric rank and propose restoring the name Cnephaeus to include the Old World forms, as a subgenus. We support this option for the sake of taxonomic stability because it will bring less turmoil to the taxonomy of the Palaearctic forms.
All American species of Eptesicus included in our analyses cluster in a monophyletic group that corresponds to the American clade suggested by Hoofer & Van Den Bussche (2003) ; Hoofer et al. (2006) and Roehrs et al. (2010) . This would indicate that a single penetration event of Eptesicus has occurred from one continent to another. The oldest fossil records of Eptesicus in North America correspond to Early Upper Miocene (Czaplewski & Morgan 2003) . This date coincides also with the estimated dating of the American split of the bats of the genus Myotis whose diversification has been related to the global cooling and the development of temperate conditions during this period (Stadelmann et al. 2004 (Stadelmann et al. , 2007 . Finally, our results also show a small degree of differentiation (both at nuDNA and mtDNA) found between the small American Eptesicus species E. furinalis and E. diminutus. A molecular review of these taxa seems particularly needed.
Taxonomic inferences of Palaearctic forms
The classical taxonomic arrangements (Gaisler 1970; Harrison 1975; Nader & Kock 1990; Horáček et al. 2000) have considered that the systematics of the Palaearctic Eptesicus revolved around two main species: the smaller E. bottae and the larger E. serotinus, to which most of the described forms have been ascribed either as subspecies (e.g.'turcomanus') or synonymized (e.g. 'intermedius'). This basal division in two main groups is supported by all our nuDNA-based topologies (Fig. 4) . Within the small bats grouped in the 'bottae group', our analyses support E. bottae as a valid monophyletic entity at specific level although showing some differences in composition and structure from previously suggested groupings (e.g. Harrison 1975; Nader & Kock 1990 ). The deep molecular structure found in mtDNA and nuDNA trees coincides with its consideration of the species as formed by discontinuous populations morphologically differentiated on the basis of pelage colour and size. The patchy distribution may be related to the fact that inhabits oases and relatively humid areas in a variety of extreme arid habitats along the edge of the southern Palaearctic (Nader & Kock 1990) . The nuDNA analyses support the distinction of the following taxa: (i) ' innesi' from Sinai, the outskirts of Cairo, southern parts of Israel and Jordan and related to, (ii) ' hingstoni' found from Syria all the way to south-eastern Iraq, (iii) ' taftanimontis' from Kerman and Baluchestan provinces of south-eastern Iran and (iv) ' omanensis', apparently linked to mountains and high altitudes of north-eastern Oman (Harrison 1975 ) and this being the most distinct morphologically. All these forms are tentatively maintained as subspecies within bottae, as recognized by Nader & Kock (1990) , but need confirmation in relation to the rare nominotypical form of E. bottae which could not be included in our analysis.
The species E. ognevi Bobrinskoj, 1918 also stands in the mtDNA-based analyses as a well-defined group also supported by the nuDNA analyses, which include 'ognevi' clearly within the 'bottae group'. The large differentiation shown by one of the samples (97EogIR) suggests further cryptic differentiation within the clade. This pale little form from deserts and steppes of the northern part of the Middle East was described from Western Tajikistan and soon after its description was synonymized with sodalis and later included within E. bottae (Hanák & Gaisler 1971; Harrison 1975; Nader & Kock 1990; Artyushin et al. 2009 ). In contrast to other recent examples of newly recognized species, for example within Otonycteris (Benda & Gvoždík 2010) , morphological differences between bottae and ognevi are very subtle.
Both our mtDNA-and nuDNA-based results validate also E. anatolicus Felten, 1971 as a fully distinct species. This taxon was originally described from south-western Anatolia based on external (e.g. pelage coloration) and skull characters (e.g. high braincase), and was later included within E. bottae (Harrison 1975) . However, it was recognized as the most distinct form within E. bottae and vindicated as probably valid species by Hanák et al. (2001) and Benda et al. (2006) , who also pointed new ecological differences with respect to E. bottae. Contrary to E. bottae, E. anatolicus seems to be a Mediterranean forest-related species with echolocation calls that are also quite different from those of E. bottae: peak frequency of 28 kHz in E. anatolicus (von Helversen 1998) against 32.5 kHz in E. bottae (Holderied et al. 2005) . Our results suggest a close phylogenetic relationships between E. anatolicus and both E. bottae and E. ognevi within the group. E. anatolicus represents a rather common faunal element throughout the Mediterranean forests of the Levantine Sea from Rhodes (Greece) and Cyprus in the west to southern Anatolia and Lebanon in the south-east, north-western Syria and western Iran. It avoids open xeric areas and reaches southwards as far as Kerman (Spitzenberger 1994; von Helversen 1998; Benda et al. 2006 Benda et al. , 2007 . A recent mtDNA-based revision of Palaearctic bat species has also supported this specific consideration (Mayer et al. 2007) , although the mtDNA internal structure and the large differentiation shown by one of the samples (6EanIR) suggest again further cryptic differentiation within the clade.
The two E. hottentotus samples stand as another very distinct group. The taxonomy of the different forms described within E. hottentotus is still confused and requires further research. The two forms included in our analysis, hottentotus and pallidior, were synonymized in the most recent morphological revision by Schlitter & Aggundey (1986) . Our molecular analyses indicate that our hottentotus sample from Cape Province is highly differentiated (over 12% K2P distance in the Cytb, Table S1 ) from the sample pallidior from Goodhouse, near the border with Namibia and found in xeric 'karoo' habitats. Probably related to these habitat differences, pallidior is much paler than E. hottentotus (M. Ruedi, pers. comm.). Therefore, we validate the form pallidior Shortridge, 1942 and recognize it at least as a valid subspecies that would extend through north-western Cape and Namibia. Its final taxonomic consideration needs more thorough studies that will probably raise this taxon to specific rank. This Ethiopian clade appears basal to the rest of the 'bottae group' and distant from the larger African 'isabellinus' which belongs to the 'serotinus group'. Thus, the hypothesis that there is an African monophyletic lineage within Eptesicus is not supported.
The 'serotinus group' Morphologically, there are three forms closely related to 'serotinus': one large, normally pale, known as 'mirza' (Turkey, South Iran, Levant, Cyprus); a second medium sized, dark, corresponding to the nominal 'serotinus' (Europe, Anatolia and Caucasus); and finally, a small, with 'sandy' fur colour and pale-face form (Strelkov & Iljin 1992; Benda et al. 2006 ) known as 'turcomanus' (central Asia and northeast Iran). Both mtDNA and nuDNA support clades identified morphologically as 'serotinus' (Figs 3 and 4) , but interestingly the composition and structure of this clade vary significantly according to the markers. The mtDNAbased reconstructions show two paraphyletic groups of 'serotinus' samples (Fig. 3) , one made up by all Western European samples clustering together with E. nilssonii as distinct from another group made of 'serotinus' from Ukraine, Georgia and Iran together with 'turcomanus'. This clade is connected with the samples from Syria, Turkey and Cyprus that morphologically correspond to 'mirza'. In summary, the mtDNA distinguishes three lineages within 'serotinus' one linked to E. nilssonii, another that groups 'serotinus' and 'turcomanus' morphotypes and another that corresponds to 'mirza'.
The nuDNA hypotheses invalidated the three groups because all its members appear now sparse in a well-supported unique clade corresponding to E. serotinus (Schreber, 1774), which is now located far apart from E. nilssonii (Fig. 4) . According to these reconstructions, it seems appropriate to keep only mirza as s subspecies within E. serotinus. The form 'turcomanus' would be included in and synonymized within E. serotinus despite its morphological differences which are not supported by any marker. Similar results are obtained by Artyushin et al. (2012) using other nuclear markers. Neither is the third mtDNA lineage validated because it seems linked to a mitochondrial capture by other species (see below). Within this definition, E. serotinus extends its distribution from England and Western Iberia to Central Asia (Benda et al. 2006) .
The Eptesicus samples from the Far East (Laos and China) are distinguished from the 'serotinus group' in a well-supported clade in both mtDNA-and nuDNA-based analyses (Figs 3 and 4) . Although the whole lineage clearly needs further research, the level of differentiation shown in all markers supports the species rank of this Oriental lineage that comprises Far Eastern as well as Indian forms. The samples from the Far East cluster in all topologies with two samples identified morphologically as well as by mtDNA as turcomanus from Iran plus another sample from Southern Iran (Dehbarez). Contrary to the former, this last sample was obtained from a bat with a pale face and brownish grey (not dark) dorsal pelage with whitish tips. All these characters indicate closer relationships with the Indian forms and accordingly it was identified as pachyomus. The topologies suggest thus an evolutionary connection between the two lineages. The levels of genetic differentiation within the clade validate taxonomically the forms 'andersoni' (Dobson, 1871) described from Yunnan, southern China and 'pallens' (Miller, 1911) from central China. According to our rank topologies, they are tentatively considered as subspecies of E. pachyomus (Tomes, 1857) because this last one has priority on the other two names. Genetic analyses have supported species rank for other extreme Oriental forms of Palaearctic bats such as Barbastella (Zhang et al. 2007 ) and Nyctalus (Salgueiro et al. 2007) , which were once considered as part (or at best as subspecies) of extremely widespread morphologically uniform units.
E. isabellinus (Temminck, 1840) stands out as a clearly differentiated clade both in mtDNA-and nuDNA-based reconstructions (Figs 3 and 4) . Originally described from Libya (type locality outskirts of Tripoli) and distributed across north-west Africa, it was traditionally included in E. serotinus as well as more recently (Simmons 2005) , although it was vindicated as a species by other authors (e.g. Benda et al. 2004) . Previous studies have supported its species rank and extended its distribution to the southern half of the Iberian Peninsula (Ibáñez et al. 2006; Mayer et al. 2007; García-Mudarra et al. 2009 ). The large mtDNA differentiation (over 13% K2P distances in Cytb, Table S1 ) with E. serotinus indicates a long independent evolutionary history despite the extraordinary morphological similarity between the two taxa. In all trees, all E. isabellinus from western Libya appears forming a supported clade, whereas samples from Morocco and Iberia in the West appear mixed in MP and ML mtDNA analyses forming another clade which is not fully supported in other analyses. The lack of differentiation between Iberian and Moroccan samples supports the finding (García-Mudarra et al. 2009; Juste et al. 2009 ) that the Straits of Gibraltar does not act as a geographical barrier for the species. The available name for the western form would be 'boscai', Cabrera, 1904 from Muchamiel, Alicante (Spain) that will include the Moroccan and Iberian populations. The discontinuity in North Africa between the two clades needs a more comprehensive study, including samples from Algeria and/or Tunisia.
Evolutionary remarks from Morphology, mtDNA and nuDNA contrasting patterns Sequence characteristics, such as the absence of stopcodons or indels and the high degree of congruence in the topologies of the two relatively distant mtDNA fragments (Fig. S1) , allow assuming for this study that the discrepancies between mtDNA and nuDNA reconstructions result from actual different histories and are not resulting from molecular or analytical artefacts. The response of a molecular marker to an evolutionary process depends on intrinsic characteristics (e.g. mutation rate, effective population size, selection regime, etc.) and other stochastic processes acting on the whole genome such as genetic drift or bottlenecks; frequently, non-hierarchical processes like introgression further complicate the patterns (Edwards & Bensch 2009 ). The different responses imply different evolutionary pathways for each marker, and whether they represent or not the histories of the relevant species will depend on the interplay of these forces (Zhang & Hewitt 2003) . By s increasing the number of markers studied, we will also increase the chances of recovering evolutionary processes and of reconstructing the complete organismal history (Edwards et al. 2005) , facilitating the inference of stable taxonomies. On the other hand, mtDNA-based historical reconstructions maybe partial (Ballard & Whitlock 2003) and by contrasting mtDNA-and nuDNA-patterns, we can get relevant information about the underlying evolutionary processes (e.g. Wiens et al. 2010; Toews & Brelsford 2012) due to their deep evolutionary differences, particularly the rapid attainment of reciprocal monophyly of mtDNA genes relative to nuDNA ones (Edwards et al. 2005 ). In our analyses, besides the differences clearly due to the higher resolution at the deep nodes of nuDNA in relation to mtDNA (e.g. the distinction of the 'serotinus and bottae groups'), the main disagreement between the mtDNA and the nuD-NA topologies resides in the relative positions of E. serotinus and E. nilssonii and in the recognition of the turcomanus clade. In the first case, our mtDNA results are in agreement with Artyushin et al. (2009) who have already shown, with a larger geographical coverage, the presence of two clearly distinct mtDNA lineages within E. serotinus, one almost identical to E. nilssonii and the other clearly distinct. The contrasting distant relationship between the two species in our nuDNA-based topologies supports the hypothesis of a mitochondrial introgression and capture of E. nilssonii's mtDNA by E. serotinus. This hypothesis was first suggested by Mayer & von Helversen (2001) and later supported by Artyushin et al. (2009 Artyushin et al. ( , 2012 . According to the model presented by Currat et al. (2008) , hybridization would have occurred asymmetrically between front populations of E. serotinus and the resident (or earlier arrived) populations of E. nilssonii, a more cold-tolerant species, during the expansion of E. serotinus west and northwards to new opened suitable habitats. In the expansion along more mesic areas, the captured E. nilssonii's mtDNA would have been transmitted to all present Western populations of E. serotinus, whereas the nuclear imprint of this hybridization event would have been diluted due to demographic factors (Currat et al. 2008) . Asymmetrical hybridization with mtDNA capture has been convincingly demonstrated for other European bats of the genus Myotis Kaup, 1829 (Berthier et al. 2006 ) and more recently for Asian Rhinolophus (Mao et al. 2010) or the African Scotophilus (Vallo et al. 2012) .
The second disagreement concerns the morphologically distinct lineages related to E. serotinus. This morphological variability is probably associated with the regional mosaic of habitats in the Middle East from diverse forests with open dry steppes and xeric habitats that point to a scenario of distinct populations isolated in different degrees during climatic cycles and possibly under different selective pressures. Secondary contacts during expansion episodes would have allowed for the homogenizing of the nuDNA of these not completely isolated ecomorphs and even the mtDNA in the case of the 'turcomanus'. The differentiation of into desert/mesic ecomorphs has probably evolved several times under different cycles of environmental conditions, as suggested by the large mtDNA differentiation (circa 5% K2P distance, Table S1 ) between serotinus + turcomanus and mirza. Several examples of similar partial differentiation in ecomorphs are known, for instance, within the Pipistrellus complex, remarkably also around the Mediterranean basin (Hulva et al. 2010 ). The morphologically similar species E. fuscus in North America shows also strong concordance between morphological ecomorphs and mtDNA lineages in a complex that maintains high levels of nuDNA flow (Turmelle et al. 2011) .
In summary, the net effects of past climate changes on the range of a species are largely determined by the consequences of these changes on its habitat requirements and its physiological tolerances (Hoskin et al. 2011) . The evolution, in this case, of the ecologically plastic Palaearctic Eptesicus seems to be determined by the processes of fragmentation, contraction and range expansion that occurred in an area with highly variable geography, in which ecological conditions have changed dramatically in the recent cold/warm climatic cycles (Carrión et al. 2011) . In fact, since at least Early to Middle Pleistocene, changes in vegetation during cold periods, leading to the fragmentation of forested landscapes and the development of open dry landscapes, were a general feature of the Mediterranean region and Western Asia (Leroy et al. 2011 ). The full understanding of the impact of these changes on the evolution of the Palaearctic Eptesicus and the relative contribution of the possible shaping forces (e.g. maternal phylopatry, local selection, etc.) need a more inclusive sampling (at the population level) as well as complementary information provided by additional molecular markers (e.g. Turmelle et al. 2011) . Still, our integrative approach of morphological and molecular data has allowed us (Table 1) , in this most entangled group of bats, to recover the genus Rhyneptesicus, and redefine E. serotinus and E. bottae. We also confirmed the species rank for E. isabellinus and E. pachyomus, within a 'serotinus group' and E. ognevi and E. anatolicus within the 'bottae group'. s read the manuscript and provided valuable editorial and language comments to our English style. Logistical support was provided by Laboratorio de Ecología Molecular, Estación Biológica de Doñana, CSIC (LEM-EBD).
Appendix 1 List of specimen acronyms, taxonomic considerations, localities, GenBank accession numbers (Cytb, ND1, RAG2 and BGN) and source of the samples used for the study Additional Supporting Information may be found in the online version of this article: Fig. S1 . Comparison between evolutionary hypotheses obtained under Bayesian posterior probabilities for the two mtDNA fragments and according to GTR substitution models. Fig. S2 . Comparison between evolutionary hypotheses obtained under Bayesian posterior probabilities for the two nuDNA fragments and according to GTR substitution models. Table S1 . Estimates of net divergence between the main taxonomic units studied and obtained using the Kimura 2-parameter model (lower semi-matrix) and number of base differences per site (P-value; upper semi-matrix) conducted in MEGA5 Tamura et al. 2011 .
